We examined the survival of two biofilm-forming strains and two biofilm-deficient strains of non typhoid Salmonella (NTS) on stainless steel bolt threads under dry conditions. Five ῌL of tryptone soya broth or egg yolk emulsion containing NTS strains at a concentration of 9 log cfu/ mL was dropped onto the thread surfaces of hexagonal bolts. After inoculation, the bolts were screwed into the nuts, and then removed (Separate type) or not removed (Unit type). The two types of samples were kept in a dry environment (20.0ῌ25.0῎, 2ῌ15῏ humidity) and bacteria on the surfaces were periodically counted. Biofilm-forming strains were recovered from all samples after 336 days of incubation, but biofilm-deficient strains were isolated from only two of 8 samples after 336 days. This finding demonstrates that NTS can survive for approximately one year on bolt threads, providing direct evidence of the potential risk of constructions having crevices or uneven surfaces as possible contamination sources. The risk of cross-contamination may be higher for biofilm-forming strains than for biofilm-deficient strains.
Introduction
Non typhoid Salmonella (NTS) strains are among the most important foodborne bacteria 1) ῌ Outbreaks of foods poisoning have frequently occurred as a result of the consumption of NTS-contaminated foods and food products 2) ῌ NTS cannot grow under dry conditions of A w below 0.94, but many studies show that NTS can survive for a long time under dry conditions. For example, S. enterica subsp. enterica serovar Choleraesuis can survive in dried feces for more than year 3) , S. Typhimurium and S. Thompson can survive for more than eight weeks in skim milk powder 4) , and NTS can survive on paper disks for 24 months after drying for 24 hr 5) ῌ Iibuchi et al. 6) suggested that biofilm productivity of NTS is an important factor in survival, and reported that biofilm-forming strains survived on plastic disc surfaces for longer periods (over 10 4 cfu/plate until day 175) than biofilm-deficient strains.
NTS is one of the main bacterial hazards in meat processing plants. To control cross contamination, cleaning of the facilities and equipment in the plant before and after processing activity is a very important requirement of GMP and HACCP 7) ῌ Stainless steel bolts or screws are frequently used for attaching parts. The equipment must be taken apart after working, and then ῍ E-mail: moritay@tokyo-kasei.ac.jp washing, disinfection, sterilizing and checking are needed. However, equipment that is di$cult to dismantle cannot be taken apart after processing. Here, we examined the survival of NTS having high or low biofilm-forming capability on the threads of stainless steel bolts under dry conditions. Table 1 shows the serotypes and origin of NTS strains used in this study and their titers in adherence assay 6) ῌ These strains were also used in a previous study 6) ῌ Strains SEC 54 and SEC 64 showed titers of 1.245 and 10.78 on microplate assay, respectively, and these strains are both high biofilm-forming strains. Strains SEC 280 and SEC 282 showed titers of 0.018 and 0.016 on microplate assay, respectively, and are both low biofilm-forming strains.
Materials and Methods

Strains
Stainless steel bolts used in this study, and survival of NTS on the threads
We used hexagonal threaded bolts and hexagonal nuts of stainless steel (International Organization for Standardization: M6῍15, Kitako Co., Ltd., Osaka, Japan). The nuts and bolts were sterilized in an autoclave (121῎, 15 min, 15 psig) and dried before use in this study. NTS strains were grown at 36ῌ37῎ for 20 hr under aerobic conditions in tryptone soya broth (TSB: Oxoid Ltd., Hampshire, England) or egg yolk emulsion (Oxoid). Five ῌL of liquid containing NTS strains at a concentration of 9 log cfu/mL was dropped onto the screw thread surfaces of the hexagonal bolts using a 0.5ῌ10 mL gauge micropipette (Eppendorf, Hamburg, Germany). We tightened the bolt and nut by hand (Unit type), and then released them by hand (Separate type) (Fig. 1) . The unit type and separate type samples were kept in sterilized plastic petri plates in a polycarbonate desiccator (outside; 300 mm highῌ300 mm longῌ300 mm wide) with 500 g of dried silica gel. The desiccator was kept in an incubator at 20.0ῌ25.0῍. NTS bacterial counts in inoculate liquid (TSB or egg yolk), and the counts on the samples after incubation were examined on the 1st, 14th, 28th, 42nd, 70th, 84th, 112th, 140th, 168th, 196th, 224th, 252nd, 280th, 308th, and 336th days. The inoculate liquid was diluted with PBS, and inoculated onto modified Brilliant green (BG) agar (Oxoid). After the incubation period, quantitative and qualitative examinations of NTS in 2 sets of the unit type or separate type samples were done to determine bacterial survival, as shown in Fig. 2 . For the unit type, the bolt and nut were unscrewed before testing, while the set of the separate type was used as it was. The surfaces of bolt threads were wiped 5 times with a cotton swab moistened with PBS. The bolt, cotton swab, and nut were placed into 10 mL of PBS in a 50 mL polycarbonate tube (Corning, NY, USA), and agitated well for 1 minute. For quantitative examination, 0.1 mL of diluted specimen was inoculated onto BG agar, and the agar was incubated at 36ῌ37῍ for 20ῌ24 hr. a The overnight culture of each strain diluted with 1/5 TSB was poured into wells of a 96-well flat-bottomed polypropylene microplate and incubated at 28῍ for 48 hr. After the plate was washed with distilled water and dried at room temperature, the inner surface of the wells was stained with 0.1῎ crystal violet solution. The dye solution was removed and the wells were washed with distilled water. The remaining dye adhering to the inner surface of the wells was dissolved with 0.2 mL 95῎ ethanol and OD595 was measured using a microplate reader. The method of the adherence assay was reported by Iibuchi et al.
6)
Fig. 1. Dimensions of hexagonal threaded bolt and hexagonal nut and illustration of the inoculation method
We dropped 5 ῌL of liquid containing a Salmonella strain on the bolt thread using a micropipette. The unit type and separate type samples were stored in a polycarbonate desiccator with dried silica gel at 20.0ῌ25.0῍ and 2ῌ15῎ humidity. After the incubation period, the bolt and nut of unit type were separated before testing, and the set of the separate type was tested as it was. The surfaces of the bolt thread were wiped 5 times using a cotton swab moistened with PBS. The bolt, cotton swab, and nut were then placed in 10 mL of PBS in a polycarbonate tube and agitated well for 1 minute. We examined the samples both quantitatively and qualitatively.
NTS colonies on the agar were counted. The detection limit was 25 cfu/mL, and less than 25 cfu/mL was calculated as 10 cfu/mL. For qualitative examination, 5 mL of PBS specimen was added to 45 mL of bu#ered peptone water (BPW) (Oxoid), and the BPW was incubated at 36ῌ37ῌ for 20ῌ24 hr. After incubation, 0.5 mL of the BPW was added to 10 mL of tetrathionate (TT) broth (Oxoid), and the TT broth was incubated at 41ῌ42ῌ for 20ῌ22 hr. A loopful of the TT broth was streaked across BG agar, and incubated at 36ῌ37ῌ for 20ῌ24 hr. One to three presumptive NTS colonies were selected and subcultured on triptosoy agar (Oxoid) at 36ῌ37ῌ for 20ῌ24 hr, and the colony was identified.
Calculation of the surviving bacterial count
Both components of each sample were examined. When the two components showed over 10 cfu/mL on quantitative examination, the geometric mean was calculated. When one was over 10 cfu/mL on quantitative examination and other was positive on qualitative examination, we use the count obtained by quantitative examination.
Results
NTS counts (log cfu/mL) of strains SEC 54, SEC 64, SEC 280, and SEC 282 on TSB were 9.0, 9.1, 9.2, and 9.0, respectively. The counts (log cfu/mL) of strains SEC 54, SEC 64, SEC 280, and SEC 282 on egg yolk emulsion were 8.7, 8.7, 8.8, and 8.9, respectively. We dropped 5 ῌL of the liquid onto the screw threads of hexagonal bolts, and the separate type and the unit type samples were stored in a desiccator. Humidity in the desiccator at the start of the incubation was 2῍, then increased slightly, reaching 15῍ on the last day.
The results of long-term survival of NTS strains possessing high biofilm productivity (SEC 54 and SEC 64) grown in tryptone soya broth and egg yolk emulsion are shown in Fig. 3 . In both cases, we could detect inoculated salmonellae from stainless steel surfaces of both the separate and unit type samples throughout the entire examination period. Three hundred and thirtysix days after inoculation, inoculated strains were still recovered from all samples, though strain SEC 64 showed higher bacterial counts than strain SEC 54 in both tryptone soya broth and egg yolk emulsion. SEC 64 grown in egg yolk emulsion (Unit type) showed the highest recovery at 2.6 log cfu/mL, followed by SEC 64 in tryptone soya broth (Separate type) at 1.4 log cfu/ mL, SEC 64 in egg yolk emulsion (Separate type) at 1.2 log cfu/mL, and SEC 64 in tryptone soya broth (Unit type) at 1.0 log/mL. There was no di#erence of counts of high biofilm-forming bacteria between the unit type and separate type samples, though SEC 64 grown in egg yolk emulsion showed higher counts on unit type samples than on separate type samples.
The results for NTS strains possessing low biofilm productivity (SEC 280 and SEC 282) are shown in Fig. 4 . No NTS was isolated from many of the samples during this examination period. On the 14th day, no salmonellae were isolated from SEC 280 grown in egg yolk emulsion (Unit type or Separate type). In addition, on the 28th day, no organisms were isolated from SEC 282 grown in tryptone soya broth (Unit type or Separate type). From the 14th day to the 308th day, many colonies were recovered from SEC 280 in tryptone soya broth (Unit type and Separate type), though no colonies were obtained on the 336th day.
Three hundred and thirty-six days after inoculation, NTS could be isolated from only SEC 282 grown in egg yolk emulsion (Unit type and Separate type) on qualitative examination. For low biofilm-forming NTS, there was no apparent di#erence of recovered bacterial counts between unit type and separate type samples.
Discussion
Environmental contamination with pathogenic bacteria in food-processing facilities has been reported to be linked to food-borne infections 8), 9) , but there have been few reports on the survival of pathogenic bacteria Symbols indicate the strain number-type (U: Unit or S: Separate). Positive indicates that Salmonella colonies were detected on BG agar on qualitative examination. Negative indicates that inoculated Salmonella colonies were not detected on BG agar on either qualitative or quantitative examination. Three hundred and thirty-six days after inoculation, Salmonella possessing high biofilm productivity could still be recovered.
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on uneven or rough surfaces of instruments and equipment used in food processing or production plants. The observed persistence of NTS on screw-thread surfaces in this study may provide direct evidence of the importance of uneven and rough surfaces as a potential source of pathogenic bacterial contamination.
In salmonellae, the linkage between biofilm-forming ability and survival in the environment has been little investigated 6), 10) ῌ Here, we found that NTS strains could survive on stainless steel surfaces for over 300 days. SEC 54 and SEC 64, which are biofilm-forming NTS strains, survived longer than biofilm-deficient strains (SEC 280 and SEC 282), though even the biofilmdeficient strain SEC 280 survived over 300 days.
In the case of biofilm-forming SEC 64 grown in egg yolk emulsion, these was a di#erence in survival on stainless steel surfaces of unit type and separate type, i.e., the survival was higher on the unit type samples.
However, other strains showed no such di#erence. Also, there seemed to be no di#erence between the results in tryptone soya broth and egg yolk emulsion. Biofilm-forming bacteria grown in liquid with rich nutrition may survive for longer periods independently of environment (Unit type or Separate type sample).
High biofilm-forming bacteria have been observed to have increased resistance to antibiotics 9), 11) . The extracellular matrix on the bacteria may protect the cells from external stresses, e.g., by blocking the penetration of stress-inducing chemicals 12)ῌ14) ῌ Therefore, instruments and equipment having uneven or rough surfaces with low cleanability should not be installed in food processing or producing facilities. If installation cannot be avoided, thorough washing, disinfection, sterilizing and carefully checking of the removal of biofilmproducing bacteria are required. 
